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ABSTRACT 

A magnetic RAM (hereinafter, referred to as "MRAM") and a manufacturing method 
thereof are provided. More specifically, in a memory device having a faster speed than that 
of a SRAM, an integration degree of a DRAM and a nonvolatile memory characteristic such 
as a flash memory, the MRAM comprises a vertical structure transistor, a first word line 
comprising the transistor, a contact line connected to the transistor, a MTJ cell deposited on 
the contact line, a bit line deposited on the MTJ cell, and a second word line deposited on the 
MTJ cell formed on the bit line, which results in high integration of a semiconductor device, 
in improvement of a short channel effect and resistance control and in simplification of a 
process. 
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B DPLU^ IS ( magnetic RAM, Q|t}0flA| MRAM OIEF ftM SB 3 ^S^SCHI 5£> mt\, 

SRAM fiD »BhS DRAM 21 235 □Bill ^31-1 (HI 531 El ( Hash ir.eir.ory ) 2f IfS UI3¥£ Oil 

EEr°!2L #71 E2j7[l^E1[Hi S^EI^ M E>°Qh £71 ^ CHI 5J#£I^ HTJ iO, #71 MTJ 3 
CHI *1#&je Umae!2K #71 blES^oi am^qj £91 MTJ 3 #^CKI Bjfi£|£ a2!£S ^#5U£ 

maUI^I AH^thD, [IfB BSJai£W2| HgSjSh ^tH^Hil- tf#, H|DU£ ^ 
^2 E^5^ 7l^tm 6Kr 7I0OIQ. 

£c 1 £ SeOSlH! LU^ DKDL1I&J g0 £Alt» L>9£. 

£ 2ft LHXI £ 2c S b32J *IM£A|080fl CDS COUI^ g£| B^IM £A|*f 355 Sf 1 

s 3 « s »«jgsj AiiigAiwiui tifs »^iK-A:a uDnq e*i gas. 

£ 4 S g S32| fl|2^A!D||0il [[}S ^Ea^WHI D13L1I^| S3£. 

£r,§ g «j3°i n33aimm m#-&SEMi»ei onus, 1 £2j wvb. 

31,1 11 : 

33,113 : MOIES^. W1^£Eh°! 

35a. 113 : ^S!^ St^^3E^,1l7 : Ecil^J 2tJS^ 

37a : E XI 237b : Ml I £30 

39,123 : *lil©ZrS2^ 

41 : HI1=^1E043 : &f^E!E# 

45,135 : »2§e*if 3^47. 141 : H2«E£f£i. aQISfoi 

48,139 : »3*aasej49": WESBISeO 

51 : M|E#53 : fil4#?^2°t 

55,129 : ££) £WS#57,131 : SL V # 

59,133 : a>£ &flS*60 : MSuZ^^ 

61,137 : B!EEh£j 100,211} : MTJ 3! 

115 : *Jt*7i§ ttfH*J WSWIB 
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125 : Ef°U27 : u»Xr£# 

£•#0/ jji&&of m o stony 

a g«S DhUUi^ |» 3 «5^0fl mt\ SRAM SQ HBfS DRAM IU ITS n 

aii 0«=a IHS!a v ( Hash memory ) «J ^ UlSlSTg WlUriliiJ ftgB S= 0QL1*! B ( magnetic 
RAM. OlftHWA! MRAM OISI t! ) 1 22^£fAI?|^ 7l#0il 30ID. 

ch^sj usbi ms. s«is *mch ^^xkhj ids oito^ mrah 21 iw 

S3 21D. 

fit § ^> "M^X^Ai, XfS ^ JQ°ej Ji-SCHI HJtrH H<*, At £1*1 5! HS^£r§ ?\%t<t 

n v&°* ohjek sbiisi Diaaa groi hi miaa s^oi z^sti- ±xkjiq. 

491 MRAM 2 ^soi 2X r 2j *3£»(HI XICHtJ- DIXPI lIB^Oii «7|~ ( giant 

magneto resistive, 6MR ) £j£!€IU ^5J £jo# Oj^ofl DilSei ^'[^ ^£*oie ?J 

Q. " 

TiCHAI?! XjtKGMR) 011^ MRAM H|X|£#S AlOIOfl # ^ X|2£0U1 ^*l«*FOI ifs 

sssa Lm HtJOi h?j q# ^£#01^ gmr xe?i ehjsbi ^t\^ 3.01a. 

^jei ni= 7vh?i *j3E 01^*1- MRAM goi*g AfOlOB g £ X>S£0HAI £*! ftM'OI 
3^71- OH §?fiQ 21? ^2K?r SS! m SOiyQS ^^1 0!«IOI API MhStt (HIS El £Xr# ^ 

3 &1LK a>7| MRAM Oil CHt» *JXH *7| Qr= XrS H 4^ ^gfHI SSSOi ?i 

2, e**i an 7i a' &xi sis got! CHt! s^e o^: omit* ^soo. 

E I £ mm Df3L1l£i 15 S^SSiS EAIt* ^££1 SAIt! 510IQ. 

□ei2, £7f Xl|1*IHBre.'(33)2j &£i!PIB-<31)W 4r2^/EHI°J St. M 3^i35a,35b)g *}gt,lll 3 
(HI 2^51^ SX|d(3?Q)2h fl|1£S#(37b)^ f^^D. Ollffl, g^| 2Xld(37e)s ^|iSES#(37b) 
S23-SAI 

aeiH, &?\ SI1=^s£iU(iJl)Dfl S^il^ o^EI = S°i JB2£Sg(43)t SHEi^D. 
(47)£! ^|l2?4HBr2i# i J ^ttK 

3312, EHD|E^oi(4?)°i Xil2£JEE^i fe^l S^AI?!^ 7il3=^^5|(48)t ^tO. 
3312, »i AJI2££!#(43)w i§A|?|^ «!2^«i#eO(49)^ ^StO. 



«^!A1.. -^I 0)X^#s U^#2J ^tm| w^TTI t\~ <*Vw eHJ. ^71 Sttft(57) 

S Xh£f «^l ^ St F £§ IlgaOi Si^ 2I0ID. 3EIH, SWS§(59)S a« xj©0i 

A^ ^01 bl^iCH AILK , g?\ A^ 2>^5#(59)2J A^f ^tFOfl HI a "0' T SJ.gat 

^> S!CK 

3 CK§, c 1 ^IS3^CHI ^5#^3°l(bn)# t J gu[0! g^ar^^H31 fe^j A^ ^Ah^#(59)# ire 
AI?I3, £91 AhS ^rS#(59)Dfl 2^EI^ ^^EIE#, ^ UIME^'(61)# S-StO. 

tffi, ^1 £ 1 1 £/-£SrOi £01 MRAM 2| =?Z % UM2\ gCf. 

2!7f|, MRAM £J B^l SSI. LLH AH§£I^ aEEr2j£! «l I ?-JE£l°i( 33)01 ^tJIEI^ 2^15:^^ 
AI^EI ^ MTJ M(100), 9H5hC« £1*? Atfl^t ^So^tt £?! MTJ glOil XrSf ^tf# ^SoF 

^ E|OI^Er2»°! S|2*IEa2J(47), MTJ ^(Hf A r ^#2j AHH^e ^ 

4- ^711 olrr £^EJE#^ U|eeiei(6l)2S Ol^CH-SCI. 

0[?\M. £?\ MTJ g(IOO) LH2| gSg ^71 ElEae.'^ 1 ^ill^EEr^' (33)(HI ?m 2 

711231 E?HAI^a^ §4Aj?IJ3 £71 d|EEI?J (61)01! 7^ [tf «^ ?;1^£J 37tl eW«£S 
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W £91 MTJ *J LH-' XrS g-^SS^i XHl i|33^ ^OIQL 

691 MTJ SICIOO) LH CHI f^g, e?HXI£E1t 2= (oft) £EH£ SXIt) xH, 

#71 a-OIE&SJ AB2$IEer£!2r til ieFJ (61 )0il ?m XK?15£3 XrS g"SE* 

(53)21 nS&tW AllCHSr^ 30IQ. 

OIllH. #71 UIEHjoi (6|)2| 2|0)Eaoi(47)WI t-AllHI 7\Z\£ 0!£r , 5- ^£01 

XISWlAI X17IS0I 7KS H?fl e^EltH Gl^g °!SKS 01^ m HHS S(HIA| t» ^# £) E -^ ^ oi 
71 DHgOID. 

££*J, #71 MRAM LH^WA12| MTJ g2| £2tr3 LrijZf UQ. 

2X1, £7 1 MTJ m\ 43 £t, f £5 ££71 zl 2^ §2#t M£> EiyU 2 £71 £13, 
Ely g^#2t XhS £Xrg#2| Xlsf gtttl 1-^3 ElgS 2£7f ?|XIDI, 

Ely E^Mf £Xr£#2J Xf£r ^fO| Eiy^l 2i=7> E§.^ ^ tie TMR ( tunneling 

Basnet ores i stance ) SjUEI- £JO- 

nan.. #?i tmr fiiuou 21^ a« 37it zjxrsKW xu° &x r 2-t2i xjsi mm axi*m aon n>er 

HOI BSS SffiS fiT 4= SID. 

&7l£! mSrWOI §W7lg(HI ffl-s 0UL1I^ Kg, 4.g722J M?HXj^E1i 7 id IS 13 3 £^0« 

BreiS. 1 £HDlMBr°! S MTJ got ^EHS ^SEIOI £JD. MRAM ^Oil MAI 7r2" 8 
MTJ flOl *JX±\B t\^ZJ\ 4= ran 37|£ 53 71^71^ HICHEIOIO* t»Q£ 20ID. 3 BILK MTJ g 

o^CH *02SJ.S5}°I a =^ HH-2 WOI ^Ot 4: nm 37|£ 71^711 AilOiof7!7f CH3£ ^XilS 
01 S.'CK 

sasia ^soiiaie dram an b^i g£r 5 ^ siEcf£i2f ^ th^j mE^oi 

3B^E bH£2J # 47H^I HH-^^ ifiS SCT SCh £££L MTJ *ie Olg£J MRAM EJ § = 
4M00 7171- 5 SE2J 323E0T! °»2Lh 01 M ^I^JOI e 9! XI £ El 21 ^fllSfim ( short channel 
effect ) 5) Xi*^l XflCHSM £015 3 SH^ SSOi W 3£1U. Xi^ e^Xl^EIHJ 3 

7l7f ^OM'^m I1ICHe^7l CH^3. m?HXi^EH£J K*J= MTJ ^2J Xit,QI ^13 @ §^0il s Dl 

B ^2 ^71^ UI2I gSPIg^i ^732! SHiof7| ^lofOt, ^K-^i E?«X|^E1M Ol§*j- MRAM 
.^3^et B^a*ra eexi>£12| ^iH^sHI- ° ! TH^SJ XHOISEg v Si^ Dh3L1l^ g 3> 3 « 

-s^sa wi^oieai 3 ^01 ?io. 

^7i rsj s^i e ^chi rifs nams! ?h^. 

OPUS! 15 Of! SiOIAI, 

#7! E ? HK|>:E17^Lj|£!~ W14l£aej2K 
•^71 ESHAI^EftHI S^Eie 5^ 
-^7| *w a°'0fl MTJ S2 r : 

49! MTJ ^'fHI BI^Efoi^f; 

^7| H\BZ\2) ^7 1 MTJ gj ^Oi! 5|#tie Ail2?J EEP^i og ^ah £ ,^ E^iog ^q. 

E£^, oi^2j s?^s £^f?i $m e m&: umw ^ ^w^38. 

2 3 nil 3^E£] S^ii Ois^gjthl? HgfOl^-*i riM ^7 1 S^7l§2i ^^OS St^^i ^ 

^SH31 ^71 S§7|^£| 7^ S S/£i|7ie SSfHI S3t.^^§ SS2K 

^71 Effljoi h:SAi?|^ gE^ r & 711011 ES#t t?^rl? Oil IiSEiy^fOl TflOll^ 

^9 Xfl1^IJE5rei# 4 J €*r= §§2K 

3^394^ S§.^rAI?l~ sii H 3r= SS2K 

'^71 #oKfl £71 Eai'zL 1 i^S^tfll i3^£l= e^rlPi 1 ^ s^Tnr^ ^S2h, 

=^£r°' S^XhSt, 3S ^XrS#, By S^S S Xf° &XrS0# ^^o^e gS2L 

MTJ ^ Or^rHP Olg*) ArB^^S^S 271 E B 4£fB. ^Xr^!#, 3S ?>Xh^#, Ely ^ XI- 

^ ^-'Arg^g nBEiy^KR MTJ ^^JorS SS2h 

^71 MTJ gif bisAl?!^ S9^i ^I2#^§^# SS2f, 
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491 7\Z SX^eCHI S^tl^ dlME^Jii ggHK 

491 dl^oi 4^ MTJ #50il *H2S1EE*2!1 3l§ *fl159°S *0. 

i£^, 014"^ ^4o9l 3|*H s tl>M GPLilfe! IS ^4^*3^, 

□PUR |g *^gf«(HI SiOIAt 

^EH?IB# ^EIH Q^i 01 MS^^SS^s ^zje^CM *Jt<7i§t §g2L 

22011 2^E*1 iiifii OlS^oKD E2K)l!s»-e!8|OI 491 <2&m £913 SUS^S S3 

gorLH 491 1J^7|^2| or^ ^ e?£H3lB iSWI ±2± St^^M ^4o^ «§2K. 

a«II3£W0l £2^1*1 >i!0iga=S £E^# «g*H! DIM Dl^S^tfK* #?| £i£7l§2j 3j»CHI 
££«£ ±mQ\M ^EHt ^~ ?I101M£1^. = SHISIEEIPJH SS jU. 

2iHISS^l g^A|?!~ »1ft2HS92« ^2ol~ SSUL 

49 1 35HI#^W9S[# 491 £913 S^S^OjJ 5 c ^E r 3s e^oKf g§2K 

491 *S!EJ9 ^¥(HI Mi, 121 2tJ# a 1 ttS 2>^g#i -IS 21, 

MTJ &' DUbHg niSt!" Af^A'2|Sg£g 491 S f 4Ef*!, US &*>g# • E1B 51 *f 

491 MTJ SB ±£M9\£ StTSIS El 2*2*B9SfB §221, 
491 »g SngfiOfl 2^£l£ bl^£^i# *4*te 52 2K 

49! dieBfoi g-woj mtj g ak^qii *j|2£IEEI3t £gg 5t»Sl= 2l# Kfl2^9££ *}Q. 

DISK £3i fe^ofOI S S3 5 4^51 *_KL|. 

£ 2a LH*1 £ 2c ~ S grg2J idll^Aimi [tEh^gtl^ 0QL1I&! SSS EA|£»- B3£. il ^E g 
3Ei £Altr 20IQ. 

49I £2 8 5 g fiAJOKHI ttl€ DPLfle! B9S0ID. 

49! dour e§ ©sjosoid £3. ^ si^?i§2| §k* v}Simy\*m jh\s\£ 

i£i Stlg^(H3)2K 49I ±SL± HMS!<U3)fil 52^011 *!£7!!§*J 4^ (HI ^Hltie £ 

MS! S^^(II7)2K 491 2*^ &SM7IS(111) ?110IM>i^^(l 19)HK 

4>l ^^CHI ^bl£l~ >il0!Ma^(!2!)^ ^^£1^ §LH^IiB; 491 eyxi^ 

Ei2J £ai^' 2t^S^(117)0ii 2 C -!JEI*!(125), MTJ ^(200)2J ^S^i; 47i MTJ S (200)011 S 

^£1^ dlEEtoi(l37); 49! blEa°i(137) 4^ MTJ ^(200) 4^ CHI ^Hltl^ 7312^IHE>2ioj z\Q\^ 
0|(|41);g ^sjq. 

aem. 491 mtj a (200)^ 491 m^m ^-sti^ .^101^2^(121)^ s^s^ 3?i^j ^eh& 

££tt. 491 MTJ yU'200)S Ats iqs ^| HI^E^I(I37) Xfl2«|Eae!Q EWI Ea°J(l4l )0t 

SgaiiZ ^SS ^01 CI. 

491 £ 2a ?J MRAM # t^^o^ £f^# ^SoP3 EhgSl ^CK 

5 2a f sfice. ^^5^J eaixi^Eie *J-gtV\ ^loH BTSa7l5(l1 1 )S SS^ffil ^^5^0) 

3 Chi. 49! £l*9|^DI ^HIEI^ ^EjiPl^rill) W0|E/+£jBf ( | 19 ) fi £^A|*)D. 

3EQ. 491 «f£^915f(Ul)2j S^CNI 3fe£5J '^^ 0|s^£|§^ ^£^.^£1^ Et^3 

(113, 117)^ «S^D. 0171/d, 115" ^ 1IS7IS 'SEHe ^ 1 1)« £AI* f 510ICK 

0IIW, 49} g^l OiS^^g^ e'(P)0IU Hli(As) #1 30 KeV 0I4 K ^ 01IUXI1 0|gi5P! 5E14 014 

£S^£S 5-0IQ. HEIH, 491 £J^7I1^ S^Ofl 7HI9^ St^^(l!3)g 

ge. 1 EEe^-ei ( drive- In ) ggSS 491 ^£^171^(^1)^ S3 (HI ^gjst g-^oi ^^fCH 

6 2»0ID. O^iAi, 491 0.5 ar. 0I4^J ^OIS £4oH3 i5:^/£cfl?J g^S^OI 2,'^ g 
EI5JCH XH^O; SSi ^ Si£^ 

3^ DK-3f£AI^^)e Oigtl ^jsrggog TiOIEB^g ^EI^EISt^ ^2|SH3) 491 
# ^»0fl ^I0(M3^(12I). ^ *H1$]EEr*Jt SStfCK 0\y\M. 491 >;I0IM^^ 0^3^ 491 1^*91 
St^oh^ MI^JEEP^l 4 5:!£^ Cl^ 1 ^ 1 HUSIEE**] Dr±3i 210IQ. 

tt^lAI. 4^1 7i!0|E3^(i2i)s 2JU3L34^tHl TilOlMS^g £2#, 0*l##2 eEl^ei5#s Sg^ 
)H1 Gil OI^-S^RmUR ^IHIOlAi ^EH5 t?^" SIQ. Olilfi. 7^l1?4£Efe." -^2J ^il 

l¥J£Et'£l g^Oil 5^1= £I^7I§ 2*21 2.^SD 1.5 014 3?fl C!Ar£]tr r I3 D|^^-^§ 
§AI *||lS]EEr£> S^Oil 471 gEI^El^^OI Xfll^EE^i AHDI^i ^^Oie 491 iEI^Eie#0l 

D Cfg, S*P*3^M S©»S XII 1*2JB2S!( 123)1 ftS^D. 
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3EI3. 491 Hflie." StJ2S?ni7)S kSA15»l^ = E -t{£l t J ^otI! Oil 491 EM9 EtfS^ 

(U7)W 2^£l = £ e 4Er£i( 125)1 ^-S^Q. 

491 £0132! (125) 4"f-HI e>XrS#(127), 3g &^r££029), E1^2tJ#<130 5' t>Ar£#03 
3)# ™#oKQ MTJ ^ Dfci3(SAie»S)fi 0 |a^ AhS<W«S£S 491 A'^TorCR 491 =5tj 

E1£K125), B*»g*(127l, US iCTgS ( 129), fH^EtrsOSI) S 71° 2W£#(133)# nHEI^^HS 
491 H1§2!B2!9H123)S kSAEJD. OIUH. 491 ^£§(127), US £J*r£#(129), EigSfcJs 
(131) XrS &AhS§( 133)21 MTJ */0IE^ *JQ. 

3EI3, SUIiagM S&»A!3I= J3l2#^299|(135)s ^goffi 49! XfS £WS£(133)# !±gA| 

3EIU. 491 Xf°- £A12iK 133)011 2^5.1- H|EE19(137)^ OIUH , 491 U1 ££12! ( I37)£ 4 1 

71 MTJ fi| (200)31 « CIAPZ.IL' 2S0IQ. 

3 QS, BHiS&H-OB *B3»2JS£!Stt139)fi ttfiiO. 

3F.I.TJ, 49| MTJ 2/(2011) 4'7| fl1*Z»«95»( 139) 3Q|?$|^r*|0|0| 5(01 P.EI2! (141 )ft uH 

Oittl, £71 EK»|ee|oi(»41)S 491 HIM E>oi(| 37)31 SIjWKI, 4*71 MTJ (200)21 3|31 B?\B P. 

~ &ms:g. 2 oi a. 

3EI3, 491 H3ft2E9Sf(139)S -^7! EK3I££1°] (141)21 fiHEiy^gAI ^ZJeKflU ^ 21Q. 

£ 2b = 491 £ 2a 2| 01 DU^ IS ( MRAM ) 2J 71 £A|£» CH7KHI Art£l= MOSFET 

£ ^Hll! 2S0ID. 

E 2c £ 491 E 2s £1 DDU^ 1 g£l BSI3§ 5. Alt) S9ESAI. bit EErSC 137)21 BI2£IEEr*!°i Ef 
01^. E1°J( 141)01 3*t£IOj 37!^ MTJ ^ (200)01 7HI£l3, 3 LH^Ofl S£^£^E1 E£l!°' S 

t^^(117), ^01^*1^(119) ^ $1?JEEI2JO21)0l ^?UIS EAIZ.CI . 

!r 3 c ? ^"521 Aill^AIWIWI lliEl £SS g2| CM># EAIfcJ- gSEsJAi, 49! E 2c 2J Ail 

l$!EEr?J<l2t). Ul£ara(137^ MTJ 9(200) H J«2*JEEI£i(U»)£ DI3L1I^ g£l E^liOl 

93*! £e eai^d. 

0IUH , 491 HI1£IEE19< 121)21 *ll2*4EEr9( 141)g S^EICH 7UI5UH. 491 H| = E|£J(13?)£ 49! £|E 
El£! (121,141)2* SjSShe VEHS 7H|t|01, 49| MTJ ^(200)^ &?j Hi JiSKI ( 1 37) 2^1 2^1 EE^( M 
1)01 g-S5J~ ^^^^ 37 IS ^HISJQI. 

3EI3, -^71 MTJ ^(200) -Z»°J TiEl^ I F. -^71 0IEEP£!( 137)01 U $IEEh°i(12KNI) £J 1.5 F 

£S *C1. 3EI3. -^71 «|£2ie!(121J41) e.^21, tfU^ «EE^i £J^7|§ -Z^S 1 F £ 
tO. 0J7IAL ^71 T ~ MEteV 4 51 i 5^ 9^11 st^CI . 

3EI3. 491 UIE2G10IU 91H5h2)S| [tfEl Sl^S^j 4>9| MTJ 3711 

S^lcl3, 3Dil WE MRAM SJ g^g^ 4^ 

E 4 ^ g »l2tfAIWIDII (til &£aiiWS| 013Lil^ SE>Jtt S3E5..\i, 7IB^^S £71 

*lllgAIWI 0 > ^= ^EHS ^g^ftl, 491 Xin^AIOIIOilAIHj ^7lg &g U|EE19(13 

?)# PA|°Jo|3 491 B|esi21(137)21 Xii2-?JEE1£!(141 )2| 9g2| 371^ MTJ ^(200)§ 

21 EAItlQ. 

GlliH. 491 491 MIJ ^'(200) Zm 'J\Zm 491 b|eaei(137)£J l F S 5H>. 491 «|E&9 

(121.141) 21 1.5 F S Cl»°]^ 2101 Q. 3EI3, 491 ^EEh°"(121Jfil ) ^21 2_^SL 5fU2| 

?JEE^i 4^ ^19IE 1 F S LO. 

3EI3, 491 HIMEiejOlU ?JEE1°»21 £1^^ SSOfl [f>Ef 491 MTJ ^)2J 37l§ 

S21ol3, 3011 [LIS MRAM 21 ™UB<z.m V^V 4 SiD. 

E 5 r ? ^S^l fllJ^AIWlOU [05 ^Eai£ft5| Dh3L1l&l SI EAJtl gSESAJ. 7IH^£^ 491 
X1I1^A|B1I9J ^EHS *^oftL 491 XI1 1^' A|0HM/d2| ^**7ll ^1^21 d|^El°J(l3 
7)21 «I2?JEEI£!9 E101EE^o l( | 4) )g DXJSIoH] 491 0I^E^(137)2^ XB 2?JEEJej ( 141)21 S^S^ 
E.^21 371^ MTJ a(200)S aS.EAltTQ. 

Olffil, 491 MTJ 2(200) -Z.^ 71EIS} 491 U1EE19 (137)21 ?S 2^1 EE 1°J°J E10|EEh?_i(14l )S^ ^^g- 1 F 
^ 513, 491 *iHSJEEh?J<121) 2} ai# t ^ 1.5F5 111X^1^ ?.OIO. 3EI3, 49! 392$|Eei°| (141 ) 
^o, ^ blE^^i(i37) S*9|S 1 F £ sh3. gR_h£J fll2?JES19(141) 

.m£| ^2| ^i^i 1 F g E.O. 

3EI3, 491 HIEEI£»O37)0IU ?cil2?IEEl°i 0 J &0IMEie!( 141)21 gfiof [[f^ i^i^g,^ ^ 

71 MTJ 3711 g°J?f3, 3 Oil (OH MRAM 2J ^°J^ 4 SJQ. 

s irsDii «n.2.3 ^Attnioii mram sj lhoiei 71^ ssts QS21 ira. 

2^1. ^|l?4EEf°J(121)oi TliOI^S^CH! 2 St #Q ^El^ A9I^M 0l§Sra MTJ «K2Q0)2J 71% £ 
S ( free spin ) «^I£L 491 MTJ fill (200) £ #^101 ^E^I7I*K U 1;E^ 2l?l £13 ^|1?J 

Ea9( 121)01 §101 ( high ) 7t &ICH MTJ *SI(200)# #^ D^7h 4S|^i^l ^ AK-El^ #oH e. k E^I 

71^1 ii)£g ®mu?m &Km?\ mm 491 ^e^wjiuwi 2^ eivtsa 

3Er8E ( ground ) 2*1! £CH§£S^ MTJ 9(200)£ #^ 3^7^ E3h^x EJ1 1M bh£t-ll7IB 
(20Ci)2S bTOU7rXI s^l-E^ tTCK 
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0!Q|. 491 S?E«?IB(ni)W Vss SPttCTLi. Vbs 71£f SSfS 4£ SID. 

&0I & 8?g0i OaLUE! IS ^ 3 §-gWB§, 4**!7£2I em^EII Ah 
§§h01 3233 K USStM 7feoh1 mot, £>tHas3 *F4WII> SfOil 0|§*J MRAM 

□QL1&! gW 20] Ai, 

*H£0l ai£^7|iJ0fl 4^o*>:i 43^?£*J E?HXj^Ei2h; 

491 egHAI^EIWI 2^SLI£ £«! ei£!HI; 
£91 ^ EieiOil MTJ 
491 MTJ m ^IStie idlEP^'B; 

491 uma\*} 2^*1 491 MTJ M 4^ CHI ^#515 *H2*IEB**!££ DOLUS! 15 , 

? 

H ! UOU EOIAL 

491 4^5^ B2H^|^Eie 491 S/^71^ ^EHS £££/EM2> 2^3^01 ^blltl^ SJEiOS = 
^Oil 7101 E^Sf ^ 7H0|E*!^0l «SS 53t mS^trh- DOUI^J g. 

AH 2 SttHI sum /a, 

491 *J^7I§£I 34U EMS! StrgesOl ^HI£IJ3, 491 £j£7l&2J K ^EaPIB ^2 
ah i vm ZMM, 

491 S^7I£S 0.5 014*21 ^0|£ ^d|£ie 2^ ^ 9*55 he 0h3L1!&! £3. 
B 

H 1 *J0fl 2UMAL 

491 MTJ ^Xh3#. E1^ £3tl# » XhS ^#725 =?til£i£ 2# 

S3££*K=: 0O.1&! ™. 

6 

a 1 IHHt S/OIAJ. 

471 MTJ le 491 fcH§=Sl£!2l H12SJEEh£J0i 3715 3§ ^g£3§fe DOLH^I 

IS- 

7 

491 Ul^iZfoio a 151=^0101 SJIKIJI. 491 H2?|E2*2!g 4^1 uisasja *{I2uh0l 491 HUSIE^ 
SIM 8^7* ^dl&ie 21 mg£5ohe DOLUS! g. 

8 

S!£H7IM ^El« Q)±3B 01 A^i|^5g£5 -iJSfSrOl S^7|§s ^gSfe ^S2L 

SSOfl S£rg# 012^S5fI2 EefOI«-e.i?r|Cf| 4*71 3* J 7I§£J 4'^CHI EMS' St^^t t J 

£sK3 491 £JS7lg^ 3^ ?J ^Ex-fl7iB SBCHI ^S:^: StlS^l ^55^ IS if, 

491 EM°] 2^S^# h:^A|7j~ B§wa 7Jini.%a^§- S2sf ^^*K13 DIM B|F.iy*KH >flri|es 
^e." ATIl?JE2fSl i^o£ 

3xfla^4^e S^ilAI?!^ A^|ls-Z^£?°M ^^3^ 
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491 5^a2J 4^GJ BtftSft. 2g EH^ g^s S §g2L 

MI J ^ U^3t 0lg# ARLi**2*gg££ 491 SWSS. US ^AFSS. g^S S=' W 

491 mtj it igAi^ie g^ms ssoe 

M 8 tJOil S1CHA1, 

491 UIS^ttSS= bE14 Sig§ 3tlKeV U|^2J OflLfAIS ^B&KH ^Alote 

fiJSWIM eqEI" Df^3g 01 AhS^ZHSS^S A'^fW 1^7l§g ^goE 

3301 2^E*J ^11 0I£^S§H2 EEK)I£-S!*I0I 491 #m\ E3°! ^ 

491 Xm#^g°?St# W-.t\0\ 491 Half' S^S^Ofl s^oj^ g^ttrr ssiih 

491 «eiaS a^ou etfjgft, 23 ^A>2#, HE Sfe v § 3 aK° £Ja>2£s ^Sofr 

MTJ g D^B0 Dig*/ A1S*!2{gS£:S 49! = E 4&oi, eTOSS, US &X1££. El^ 3! a> 

S MEiy oHJI MTJ g# Igofr 

491 MTJ m ±mM9\zr »2««rast# £gSf~ 9331. 

491 »° 2a>2#CHI 2^5.1^ 01^2^1 

491 b|Ea°) 4 V ¥2| MTJ @ 4^ Oil 7J2£iE£f°!M 33S 5W£ DOU*! B «g»B . 

n io%f«..aoiAi, 

491 HS£^I JS£^2| OlS^g^S 5E14 014^ 30KcY 014^ OflUWS ^S^OI ^AI6h 

e 311 ^2££ D|-3L1iq 

^^*J 12 

i &n sioiai. 

aisisaisj e.^M *hj2i siszm -a-wi ^uitie swis moi 1.5 uh 014^ 371 

£ UAf°iolJ2 ?fl0|E3^§ £2t S=f* OI^S^2t«|01 D^H SOI Xai?4EB|°!s 
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q—Hi 

139 
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HI— 
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